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INTRODUCTION 
The Kentucky Transportation Center was requested by Mr. Tom Brock, Vice 
President of McWhorter and Company, Inc., to examine cores obtained from a PCC 
floor slab of a Lowe's store in Bowling Green, Kentucky. From a telephone 
conversation with Mr. Brock, is was our understanding that a large portion of the 
surface of the floor slab was scaling and becoming detached. This apparently 
involved approximately the top 118 inch of the slab. 
Nine cores were delivered to our laboratories. They were obtained at the 
locations shown in the floor map included in Appendix A. Those nine cores are shown 
in Figure No. 1, which also illustrates their relative thicknesses. 
VISUAL OBSERVATIONS 
Each core was photographed and the dimensions and weight were recorded. 
Figures 2 through 10 show a close-up of each core. Table 1 is a listing of measured 
dimensions and the calculated unit weight. 
It should be noted that the surface (top 1/8 inch) of Core No. 2 (Figure 3) was 
partially separated from the remainder of the core. Also, Figure 5 shows the surface 
of Core 4 was cracked in several places and the entire surface had separated from the 
remainder ofthe core. Again, the thickness of the separated layer was approximately 
118 inch. The surfaces of the remaining cores were intact. 
Figures 11 and 12 are photographs of Cores 2 and 8 that were sawn in half to 
show the distribution of the large aggregate. The aggregate appeared to be 
reasonably well distributed. 
SEGREGATION ANALYSIS 
Three cores (Nos. 2, 5, and 8) were sawn in half to analyze the distribution of 
the large aggregate to determine the possibility of segregation of the mix during 
placement. The images of the sawn surfaces were scanned into a computer file for 
study, and were then analyzed using an image analysis software program (MOCHA). 
The results are shown (as a percentage of the total area of large aggregate) in the 
following list. 
Top 
Middle 
Bottom 
Sample 2 
32.1 
34.5 
33.4 
Sample 5 
35.4 
33.3 
31.3 
Sample 8 
33.1 
34.4 
32.5 
It is clear from the analysis that the large aggregate is well distributed 
throughout the specimens. This indicates that segregation was not a problem in the 
miXes. 
SCANNING ELECTRON MICROGRAPHS (SEM) 
Figures 13 through 16 are SEM's of Core Nos. 2, 4, 5, and 8 (magnification of 
5000X). These were made of the concrete mastic located well below the interface 
where the surface was tending to scale. These SEM's show clearly spherical fly ash 
particles embedded in the more amorphous-appearing products of hydration. 
Figures 17 through 20 are SEM's of the surface material of Cores 2, 4, 5 and 
8. These are at a magnification of 5000X. Cores 2, 5, and 8 show the crystalline 
forms of hydration. However, in Figure 18, the surface of Core 4 is much "smoother" 
with very few crystals showing. There were a number of shrinkage cracks noted in 
that SEM. Each crack is estimated to be approximately V2 micron in width. It is not 
clear, nor could it be determined, from these SEM's what the reason was for the great 
difference in appearance of the surface of Core 4 from the remaining cores. Such 
cracking may indicate rapid drying from evaporation of surface water of a cement-rich 
layer. It should also be noted that no fly ash particles appear in any of the surface 
layers. 
Appendix B includes the data sheets of the chemical analysis from the SEM. 
Surface samples from Cores 2, 5, and 8 indicated over 80 percent calcium and 
between six and eight percent silicon. However, the surface of Core 4 showed a 
dramatically different ratio between silicon and calcium. In that sample, silicon 
comprised almost 30 percent of the specimen while the percentage of calcium was just 
over 60 percent. 
The samples labelled with the letter B were obtained from the cement mastic 
below the interface where the surface had separated. All of these specimens showed 
between 20 and 28 percent silicon and between 67 and 75 percent calcium. The 
increase in silicon was attributed to the fine silica sand in the mastic. At present, 
the unique appearance of the surface of Core 4 and the anomalous chemical analysis 
are unexplained. 
MICROSCOPIC EXAMINATION 
Figures 21 through 23 are photomicrographs of a semi-polished surface of 
Cores 2, 4, and 5. The magnification in each photograph is approximately 30X. The 
surfaces of the cores are to the right in each photo. In Cores 2 and 4 (Figures 21 and 
22), the crack that is located approximately VS-inch below the surface where the 
surface has separated from the remainder of the core runs through the center of the 
photograph. In Figure 23, a dark, straight line that runs approximately 1/8-inch 
below the surface of Core 5 is identified as a pencil mark made on the core. 
It is noted that a number of small circles and rectangular shapes have been 
marked on those photographs. These identifY air voids and/or capillary pores visible 
in the cement mastic. In all three photographs, the number of circles below (to the 
left of) the crack or pencil line is considerably greater than the number of voids above 
the crack or pencil line. It also appears that the failure crack in Cores 2 and 4 
occurred near the highest extent of the majority of the voids. 
Further microscopic examination (magnification of approximately 30X) of the 
finished surface of the cores revealed extensive hairline cracking over the entire 
surface of the cores. Figures 24 through 26 illustrate typical examples of the 
phenomenon. These photographs are from Cores 4, 5, and 8, respectively. 
UNCONFINED COMPRESSION TESTS 
Cores 6 and 9 were tested in unconfined compression to estimate the concrete 
strength. ·ASTM procedures were not used in the tests because of the nonstandard 
specimen size. The peak load for Core 6 was 33,600 pounds which calculates to a 
compression strength of 5,382 psi. The peak load for Core 9 was 19,600 pounds. This 
is equivalent to a compression strength of 3,141 psi. This is above the design 
strength of 3,000 psi. for both cores. 
COMMENTS AND CONCLUSIONS 
The strength tests indicated the concrete developed sufficient strength that was 
above the design strength. There were no cracks in the cores below the extreme top 
layer (approximately 1/8 inch). Although the thickness of the slab varied 
considerably (design loads and required slab thickness were not a part ofthis study), 
from the point of view of strength, the slab should provide good service. This is 
assuming the surface distress is repaired. 
The water-cement (w/c) ratio of the mix designs were over 0.5. This is a fairly 
high w/c ratio. The water reducing agent that was used in the mix probably freed 
some of this water as bleed water. This may have caused a longer time to be 
required for the concrete to bleed. 
After reviewing the SEM's and the micrographs, the authors are of the opinion 
that the slab surface may have hydrated and sealed itself before the bleed water had 
time to reach the surface. The mechanism by which this may have occurred was not 
revealed by the tests and examination that were performed. The small air voids and 
capillary pores that show in the micrographs tend to rise no higher than the interface 
that is located approximately 1/8-inch below the top. This tends to support the 
previous statement in that the bleed water may have been trapped at this elevation 
because the surface was already sealed. If this occurred, this would probably produce 
a weak interface where the water-cement ratio was relatively high. 
The reason the surface appeared to have sealed early is not clearly understood. 
In a telephone conversation with the finisher, he indicated that nothing was added 
to the surface of the slab during the finishing operation (including cement or a sand 
cement mixture). Examination of Figures 21 through 23 tend to support his 
statement. The fine aggregate above and below the interface of failure appeared to 
be very similar which probably would not be the case if a cement or sand-cement 
paste had been added during the finishing operation. It would appear, therefore, that 
the sealing and hydration of the surface may have been due to a different process of 
the finishing and curing operation. 
The surface layer was considerably richer in calcium than was the rest of the 
concrete. Before the surface hydrated, cement was probably brought to the surface 
by the bleed water. Apparently the fly ash, which could not be detected in the 
surface probably did not flow to the surface because the specific gravity of the fly ash 
is approximately 2.68. This is very close to the specific gravity of the coarse and fine 
aggregate. (This was assumed because the exact specific gravity was not reported to 
the authors.) Specific gravity of the cement is 3.15. However, when water molecules 
are attached to the cement particles, the combined specific gravity is approximately 
2.3. Therefore, a cement-rich layer could have formed at the surface. 
The hairline cracks shown in Figures 24 through 26lend credence to a cement-
rich layer being present at the surface. The many hairline cracks present in those 
photographs indicate a high percentage of shrinkage which is typical of a cement-rich 
paste. Rapid evaporation of surface water may be responsible for the cracking and 
rapid hydration of the surface. Ambient air temperature, relative humidity, and 
temperature of the curing concrete mass would determine the rate of evaporation. 
Unfortunately, these parameters were not reported. Consequently, no definitive 
statement can not be made about the rate of evaporation. Futhermore, a curing 
compound (Ashford Formula) was placed on the surface that was to prevent cracking. 
If the surface cracked after the compound was placed on the surface, then the 
compound did not perform as intended. However, it was impossible to tell if the 
surface had cracked before or after the curing compound had been placed. 
Again, in summary, it appears the surface of the slab may have hydrated and 
sealed before all of the bleed water had travelled to the surface. The bleed water 
trapped just under the surface layer may have caused a weakened interface along 
which the surface separated from the rest of the slab. The mechanism by which this 
phenomenon occurred could not be determined by the tests that were performed. 
It is recommended that the top 3/4 inch of the slab be removed by grinding and 
that an overlay be placed over the ground surface of the remaining slab. 
Table 1 
' ' 
SAMPLE#: 1 2 3 4 5 6 7 8 9 
H 1, (in.) 4.97 --- 3.83 3.38 3.80 4.76 5.08 6.78 5.31 
H 2, (in.) 5.00 --- 3.81 3.39 3.83 4.75 5.07 6.81 5.32 
H 3, (in.) 5.02 --- 3.81 3.41 3.85 4.74 5.06 6.85 5.33 
H 4, (in.) 5.04 --- 3.81 3.44 3.85 4.73 5.05 6.87 5.34 
H 5, (in.) 5.08 --- 3.82 3.46 3.85 4.72 5.04 6.87 5.35 
H 6, (in.) 5.11 --- 3.83 3.46 3.83 4.71 5.03 6.87 5.35 
AVGERAGE H, (in.) 5.04 --- 3.82 3.42 3.84 4.74 5.06 6.84 5.33 
W 1, (in.) 2.82 --- 2.81 2.82 2.82 2.80 2.82 2.82 2.80 
W 2, (in.) 2.82 --- 2.82 2.82 2.82 2.82 2.82 2.82 2.82 
W 3, (in.) 2.82 --- 2.82 2.81 2.82 2.82 2.82 2.82 2.82 
W 4, (in.) 2.83 --- 2.82 2.81 2.82 2.81 2.82 2.82 2.82 
W 5, (in.) 2.82 --- 2.82 2.81 2.82 2.82 2.82 2.82 2.82 
W 6, (in.) 2.83 --- 2.82 2.82 2.82 2.82 2.82 2.82 2.82 
AVGERAGE W, (in.) 2.82 --- 2.82 2.82 2.82 2.82 2.82 2.82 2.82 
Weight 
(g) 1171.80 --- 871.90 785.80 500.20 1121.00 1162.80 876.40 1206.30 
(kg) 1.17 --- 0.87 0.79 0.50 1.12 1.16 0.88 1.21 
(lb) 2.59 --- 1.93 1.74 1.11 2.48 2.57 1.94 2.67 
Radius, (in.) 1.41 --- 1.41 1.41 1.41 1.41 1.41 1.41 1.41 
Volume, (fl A 3) 0.02 --- 0.01 0.01 0.01 0.02 0.02 0.01 0.02 
Unit Weight, (lb/ft A 3) 141.92 --- 139.79 140.85 139.37 145.27 140.65 139.07 138.62 
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Figure 14 
Figure 15 
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SUMMARY OF CHEMICAL ANALYSIS 
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'1'1' ' ! ! Ill j I il'!!!' I II j Hi.. I I I' I I I 
, •
1 
: 1 : : 1 . 1 -; r 1 1 , , ' , , ; , 1 • 1 • 1 1 , , , 1 1 1 1 1 1 1 '
1 :! 1 1 ' ' 1 ' ' HI r>11 i ' ' 1 : · ' 11!: ~,:, ' , 1 1 F-· 1 I 1 1 , I I 1 ! l '. i L ill: !iiiilrfH/I't!l::!~il'il: Jti . :~IIIEl il i jJlil ;::, 8 
ii 11 1 ~ uJJ,~n·~~~~~~~~:r,~~~~~:~M~I~IIiliril,l,J,\;t ~ ~ 1 1 ~~~~.J ..\ 1 j !.J', 1 :, lj l~ 
8.000 \/FS = 1024 10.240 
60 SAMPLE #SE! 
::JAMF'l_E i:F5B 
Standal~dless Analysis 
>..Jet Counts 
--. 
~).20314 ~!- 0.00482 
0.01058 +.1 - 0.00406 
0.73305 +/- (~.01083 1 
t:.526 
::=:95 
774 1 
798 
PRZ Correction 25.00 kV 40.00 deg 
No.o+ Iterations = 2 
,_, 
ement :<-ratio z A F C. I 
si-t< (2l • 1 75 0.967 
" 
.479 (Zl .991 
--V 0 • i~ll2l9 1 • ([l26 .1 ~ 124 ,,, .893 
Ca-~< \2)~631 1 ., ~HZl4 1 • C!)85 0.998 
···e-r: .. (l .C2J46 1 • 11 C2l 1 . 116 
" 
.. cZlCZHZl 
+/ - ! t:'l::' ·_1 •• ~1 
~ / -
' 
1 3 
+ 1- 262 
+I- 96 
ZAF Atom/. 
1 .417 32.43 
; 
a (2J3CZJ (~) .88 
1 .~l87 62.96 
1 .239 3.74 
Total 
Wt/. 
24.77 
<).9~· 
68.62 
5.68 
= .1. (ZJt!l "(2li~l% 
_I 
UNI\/ERSIT'·,·· ()F !-<ENTUCK'r"' 
Cu~so~: 0.000KeV = 0 
,-. 
i=i 
I 'I ! I,! i 1 j 1 i I 1 I I I i I ~ i 1 "r 1 1 'r : l I, II I I l ! I : 
! II i I . 
i J! II ; i 
. . ' - . : I 
-i ! i 
I: 
' ' ' ! i : : i 
' i ! j ILL~):. 1fitJ 
0.000 
60 SR~1PLE #88 
SQ: DUANTIFY 
:3i0tMF'LE i:h3B 
Standardless Anaiysis 
25.0 kV 40.0 Degrees 
I I 
~i i 1 ~~J i I 
II i i 
I I I 
i I 
i i 
I I 
! i '~~ 
TUE 08 -NO\/ -94 14 : 57 
'! 'I I ' ' I ~ i I 
I I I I ' 
I 
! I I 
I 
I 
I II 
I I i ~ i I 'I.~J! I I 
\/FS = 2048 10.240 
-:;:E~l :<-r,3:t io i\Jet C:Jun t s. 
. ..:;. l --~·-. 
·=-a.-i·:, 
::=-e-i< 
,-=.16152 +/- 0.00425 
~·.01063 +/- 0.00391 
~~.-78625 +/- Q1.01051 
0.Ql4161 +/- 0.00573 
:::856 
334 
21473 
7C!)4 
?RZ Correction 25.00 kV 40.00 deg 
No.o~ I·terations = 3 
i:.::.l ement .':-ratio z A F 
Si-f< (~) .142 <1J. 966 .1 .494 (~) • 99!!) 
_:.,-· (~.l • (1(219 < .,(2)25 1 • 1 (~)5 -:~1 • 88!2) • 
Ca-f< (I~ 692 < . (J~)4 1 ~ C!J7C!l 0.999 • 
Fe-i< 0.037 1 • 1 <1J9 1 .123 1 ~ (~H!l(l 
+/- 154 
+/- 123 
+I- 287 
+!- 97 
ZAF Atom% Wt% 
1 .429 26.98 2QJ. 31 
(l. 996 (2) .89 ,,, .93 
l .072 69.08 74. 2Ql 
1 .246 3 .. t2l5 4.56 
Total = 1 (~l0 • (2lW% 
